Virology 306: [244][245][246][247][248][249][250][251][252][253] 2003). Previous data also suggested that a certain protein(s) synthesized only at 41°C inhibited the association of M1 with vRNP. The potential of heat shock protein 70 (HSP70) as a candidate obstructive protein was investigated. Induction of HSP70 by prostaglandin A1 (PGA1) at 37°C caused the suppression of virus production. The nuclear export of viral proteins was inhibited by PGA1, and M1 was not associated with vRNP, indicating that HSP70 prevents M1 from binding to vRNP. An immunoprecipitation assay showed that HSP70 was bound to vRNP, suggesting that the interaction of HSP70 with vRNP is the reason for the dissociation of M1. Moreover, NS2 accumulated in the nucleoli of host cells cultured at 41°C, showing that the export of NS2 was also disturbed at 41°C. However, NS2 was exported normally from the nucleus, irrespective of PGA1 treatment at 37°C, suggesting that HSP70 does not influence NS2.
Influenza virus is an enveloped RNA virus belonging to the orthomyxovirus family. The viral genome consists of eight segments of negative-sense RNA which are bound to viral RNA polymerases and nucleoprotein (NP) to form a viral ribonucleoprotein complex (vRNP) . When a host cell is invaded, influenza virus delivers its vRNP into the nucleus and replicates its genome. vRNP also acts as a template for mRNAs encoding virus-specific proteins. Although the viral proteins are synthesized in the cytoplasm, NP and RNA polymerases are imported into the nucleus to form new vRNP with a replicated genome. The assembly of influenza viral components, however, occurs at the plasma membrane. Therefore, new vRNP must be exported from the nucleus into the cytoplasm for viral offspring production (16) . Matrix protein 1 (M1) and nonstructural protein 2/nuclear export protein (NS2/NEP) are known to be necessary for the nuclear export of vRNP (4, 19, 20, 21, 24, 30) . Both proteins also migrate into the nucleus and associate with vRNP (10, 19, 28, 32, 33) for transportation via the cellular machinery for nuclear export, dependent on chromosome region maintenance 1 (CRM1) protein (9, 18, 21) .
It was previously reported that influenza virus production is suppressed at 41°C in Madin-Darby canine kidney (MDCK) cells but is normal at 37°C (24) . Virus-specific proteins are synthesized and vRNP is formed even at 41°C; however, vRNP cannot be exported from the nucleus at 41°C. This failure in vRNP export is due to M1 not interacting with vRNP, demonstrating that the association of M1 with vRNP is essential for the nuclear export of vRNP. To investigate why M1 is not bound to vRNP at 41°C, viral proteins were labeled with [ 35 S]methionine at 37°C, and the M1-vRNP complex formed at 37°C was chased after the culture temperature was raised to 41°C. The temperature rise caused the release of M1 from vRNP; the M1-vRNP complex formed at 37°C was dissociated at 41°C. However, in this experiment, it was found incidentally that the dissociation of the M1-vRNP complex was inhibited if the infected cells were treated with cycloheximide, a protein synthesis inhibitor (24) . M1 remained associated with vRNP even at 41°C in the presence of cycloheximide. This result suggested that some protein or proteins synthesized only at 41°C were related to the dissociation of the M1-vRNP complex. We believed that cycloheximide inhibited the synthesis of such an obstructive protein(s) and then the M1-vRNP complex remained intact, even at 41°C. To identify the proteins that inhibited the association of M1 with vRNP, we focused on the heat shock protein (HSP) family for candidates.
The HSP family consists of proteins that are typically induced by high culture temperatures. HSPs mainly work as molecular chaperons and were originally known to prevent proteins from degenerating from heat shock or some other stress (11, 22) . For canine cells, including MDCK cells, seven kinds of HSP, namely H11 kinase (L. Wang and C. Depre, unpublished data; the protein number for the database is AAM90297.1), HSP27 (17) , ␣-crystallin A chain (7), HSP60 (8), HSP70 (27) , glucose-regulated protein 75 (GRP75) (8) , and GRP94 (5) , are registered in the database. Since HSPs that are localized in the nucleus and induced only at 41°C are highly likely to be concerned with the dissociation of the M1-vRNP complex, HSP27 and HSP70, which are reported to be localized in the nucleus (2, 3, 11, 29) , were investigated in particular. Our preliminary experiments showed that HSP27, however, was expressed both at 37 and 41°C and was also distributed in the nucleus at 37°C. In contrast, expression of HSP70 was significantly induced and localized in the nucleus only at 41°C. Moreover, expression of HSP70 can be induced by prostaglandins (1, 26) . Thus, for this report, the relationship between HSP70 and the suppression of influenza virus production was examined. We found that nuclear export of vRNP was also inhibited via the dissociation of the M1-vRNP complex when HSP70 was induced by prostaglandin A1 (PGA1) at 37°C.
MATERIALS AND METHODS
Cell culture. MDCK cells were cultured in minimum essential medium (MEM) supplemented with 10% calf serum and antibiotics as described previously (15, 24) .
Viral infection. Infection with influenza A virus (A/Aichi/2/68/H3N2) was described elsewhere (24, 31) . Briefly, 10 6 MDCK cells were cultured for 48 h at 37°C in a 35-mm-diameter dish, and the virus was inoculated at a multiplicity of infection of 2 ϫ 10 3 at 4°C for 60 min. The cells were washed with phosphatebuffered saline (PBS) and then cultured in Dulbecco's modified Eagle's medium with 10% calf serum. When the cells were treated with PGA1, 20 g of PGA1 (Wako Pure Chemical Industries, Osaka, Japan) per ml was added to the culture medium 2 h before the infection. The cells were infected as described above, and then the culture was continued in medium containing 20 g of PGA1 per ml. For the control cells without PGA1, a volume of ethanol equal to that of PGA1 in the other experiments was added to the medium.
Virus production in the culture medium was measured by hemagglutinating activity (HA) on chick red blood cells, as described elsewhere (25) .
Antibodies. Anti-influenza virus polyclonal antibody and anti-NP and anti-M1 monoclonal antibodies were prepared in our laboratory (24) . Anti-NS2 rabbit polyclonal antibody was a kind gift from Peter M. Palese (Mount Sinai School of Medicine, New York, N.Y.) and was used for immunoblotting. For fluorescent staining, anti-NS2 mouse polyclonal antibody was prepared. Briefly, cDNA for NS2 (a gift from P. Palese) (21) was inserted into the EcoRI and XhoI sites of a pGEX-5X-1 vector, and NS2 protein fused to glutathione S-transferase (GST) was induced in Escherichia coli DH5␣ cells by use of isopropyl-␤-D(Ϫ)-thiogalactopyranoside. GST-NS2 was extracted and purified with glutathione-Sepharose 4B (Amersham Pharmacia Biotech AB, Uppsala, Sweden) as described elsewhere (14) , and NS2 was removed from GST by treatment with factor Xa (Itoham Foods, Inc., Hyogo, Japan). Free GST, uncut NS2-GST, and factor Xa were removed by the addition of a mixture of glutathione-Sepharose and benzamidine-Sepharose 6B (Amersham Pharmacia Biotech AB) (9:1 [vol/vol]). Four-week-old BALB/c female mice were immunized with purified NS2 with adjuvant, and antisera were obtained. Anti-HSP70 monoclonal antibody was purchased from StressGen Biotechnologies (Victoria, British Columbia, Canada). This antibody reacts only to the HSP70 with a molecular mass of 72 kDa, induced by heat shock, among the members of the HSP70 family.
Immunoblotting. Immunoblotting was performed as described previously (24) . The proteins that reacted with the specific antibodies were detected with Western Lightning Chemiluminescence Reagent Plus (Perkin-Elmer Life Sciences, Inc., Norwalk, Conn.) and visualized by optimum exposure to Fuji medical X-ray film RX-U (Fuji Photo Film Co., Tokyo, Japan) (12) . The intensity of the bands was measured with NIH Image analysis software (National Institutes of Health, Bethesda, Md.).
Indirect immunofluorescent staining. NP, M1, and NS2 were fixed with a mixture of acetone and methanol (1:1 [vol/vol]) and stained as described previously (24) . For staining of HSP70, the cells were fixed with 3.7% formaldehyde in PBS for 20 min at room temperature and treated with 0.2% Triton X-100 in PBS for 5 min on ice. The cells were treated with anti-HSP70 monoclonal antibody for 60 min on ice, followed by fluorescein isothiocyanate-conjugated anti-mouse immunoglobulin goat antibody (Cappel/ICN Pharmaceuticals, Inc., Aurora, Ohio) for 30 min on ice.
Immunoprecipitation. Immunoprecipitation was also performed as described previously (24) . Infected cells that were untreated or treated with PGA1 were harvested in TNE buffer (10 mM Tris-HCl [pH 7.8], 1% NP-40, 150 mM NaCl, 1 mM EDTA, and 25 g of aprotinin per ml) and lysed. The lysate was incubated with anti-NP monoclonal antibody for 4 h at 4°C and then with protein ASepharose CL-4B beads (Amersham Pharmacia Biosciences) for 2 h at 4°C. The beads were harvested by centrifugation and washed with TNE buffer.
RESULTS

Induction of HSP70 in infected MDCK cells at 41°C.
When MDCK cells are infected with influenza A virus (A/Aichi/2/68/ H3N2) and cultured at 37°C, some of the synthesized viral proteins, such as NP and M1, are imported into the nucleus up to 2 h after infection. These proteins start to migrate from the nucleus into the cytoplasm from about 4 h after infection, forming the M1-vRNP complex. Newly formed virions are then detected in the culture medium from 6 h after infection (24) . However, in infected cells cultured at 41°C, the viral proteins are not exported into the cytoplasm and remain in the nucleus because of the dissociation of M1 from vRNP. To examine the possibility that HSP27 or HSP70 is related to the inhibition of nuclear export at 41°C, we first monitored the expression patterns of both HSPs by immunoblotting during the infectious period in MDCK cells cultured at 37 or 41°C. Their distributions were also compared at both temperatures by immunofluorescent staining. HSP27 was already expressed at 37°C and was not increased much by raising the temperature to 41°C (data not shown). HSP27 was also distributed in the nucleus at both temperatures. HSP27 did not seem to participate in the inhibition of nuclear export at 41°C. On the other hand, the induction of HSP70 was significant at 41°C. When the infected cells were cultured at 37°C, HSP70 was slightly detected by immunoblotting ( Fig. 1A ) and was not observed at all by immunostaining (Fig. 1B) . However, in the culture at 41°C, its expression dramatically increased within 2 h of incubation and remained expressed thereafter (Fig. 1A) . In noninfected cells, the expression pattern of HSP70 was similar to that in infected ones; the induction was seen after a 2-h incubation at 41°C. Immunostaining showed that HSP70 synthesized at 41°C was specifically localized in the nucleus 2 h after infection (data not shown) and was also distributed in the nucleolus after 4 h of incubation (Fig. 1B, arrowheads) . HSP70 was more likely to be related to the inhibition of nuclear export at 41°C than was HSP27.
Induction of HSP70 at 37°C by PGA1. It is known that PGA1 induces the expression of HSP70 (1, 26) . For confirmation of whether HSP70 is the cause of the disturbance in nuclear export of viral proteins, the expression of HSP70 was induced at 37°C by PGA1 and its influence on virus production was investigated.
To determine the concentration of PGA1 required to induce HSP70 in our experimental system, we cultured noninfected MDCK cells in the medium with various concentrations of PGA1, between 5 and 40 g/ml, for 24 h at 37°C. The cells degenerated in the presence of 30 g or more of PGA1 per ml. The concentration was decreased to 20 g/ml or less, and the amount of HSP70 was estimated by immunoblotting after 6 h at 37°C. The result was that 20 g of PGA1 per ml induced the highest expression level (data not shown). We then examined when HSP70 starts to be induced by 20-g/ml PGA1 in noninfected MDCK cells. HSP70 began to increase after 4 h of treatment with PGA1 at 37°C ( Fig. 2A) . As shown in Fig. 1A , when cultured at 41°C, HSP70 was induced after 2 h of incubation. To modify the timing of the start of HSP70 induction by PGA1 to equal that at 41°C, MDCK cells were pretreated with PGA1 for 2 h before the infection. Namely, MDCK cells were precultured with PGA1 for 2 h at 37°C, infected with the virus, and then cultured further with PGA1 at 37°C. By this modulation of the treatment with PGA1, the induction of HSP70 began 2 h after infection, similar to the culture at 41°C (Fig.  2B) . However, the expression of HSP70 by PGA1 gradually decreased from 8 h after infection, unlike expression at 41°C (Fig. 2B , compare the expression level at 6 h with PGA1 to that at 12 h), implying that the effect of PGA1 is temporary.
The distribution of HSP70 induced by PGA1 at 37°C was observed in infected cells. HSP70 induced by PGA1 was distributed both in the nucleus and the cytoplasm, but nuclear staining was stronger than cytoplasmic staining (Fig. 2C , arrows). Localization in the nucleolus was not seen (Fig. 2C,  arrowheads) .
These results show that PGA1 is basically capable of inducing HSP70 in our experimental system, although the expression is not sustainable and its localization is somewhat different from that at 41°C.
Suppression of virus production by PGA1. For examination of whether the induction of HSP70 influences virus production, the cells treated with PGA1 were infected with influenza virus in the same way as for Fig. 2B , and virus production was assayed. HA in the culture medium was measured at various time points after infection as an indicator of virus production (Fig. 3A) . In control cells without PGA1, HA increased 6 h after infection and reached a plateau within 24 h. Corresponding to the increase in HA, a cytopathic effect (CPE) by viral infection was observed (Fig. 3B, panels a, c, and e) . Cells detaching from the dish were seen from 12 h on (Fig. 3B, panel  a [arrows] ) and almost all of the cells had degenerated 24 h after infection (Fig. 3B, panels c and e) , whereas in the presence of PGA1, virus production was hardly detected until 12 h after infection (Fig. 3A) . Even at 24 h, HA remained at onefourth that of the control. CPE was also not observed until 12 h after infection (Fig. 3B, panel b) . However, after 48 h, HA increased to a similar level as that in the control, despite PGA1 treatment (Fig. 3A) . Concomitant with the increase in HA, CPE was also seen from 24 h on (Fig. 3B, panel d [arrows] ) and almost all of the cells had detached from the dish after 48 h (Fig. 3B, panel f) . As shown in Fig. 2B , expression of HSP70 induced by PGA1 decreased after 8 h. The increase in HA and the appearance of CPE in the cells treated with PGA1 seemed to correspond to the decrease in HSP70. To clarify this point, expression of HSP70 was monitored by immunoblotting, focusing especially on expression after 12 h, which is when HA began to rise even with PGA1. As expected, the induction of HSP70 decreased from 12 h after infection (Fig. 3C and D) and its expression level at 24 h was reduced to less than half of that at 8 h (Fig. 3D) . These results indicate that virus production increases with a decrease in HSP70. They also show that virus production is suppressed by PGA1 when a certain amount of HSP70 remains, suggesting that HSP70 is related to the suppression of virus production. 
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Inhibition of nuclear export of viral proteins by PGA1. For examination of which steps of virus production were inhibited by PGA1, the synthesis of viral proteins was investigated by immunoblotting. The cells treated with PGA1 were infected with the virus in the same way as for Fig. 2B , and the extracts were blotted with anti-influenza virus polyclonal antibody at various time points after infection (Fig. 4) . Even in the presence of PGA1, major viral proteins HA, NP, and M1 were detected at almost normal levels 2 to 4 h after infection, although the intensity of the bands seemed to be slightly less than those of control cells without PGA1 until 6 h and although some nonspecific bands were seen. This result indicated that the synthesis of viral proteins was not inhibited by PGA1 and that the suppression of virus production by PGA1 was due to the disturbance of some steps after viral protein synthesis.
For further investigation of the inhibitory mechanism of PGA1, the distribution of viral proteins was observed in detail by immunofluorescence staining. It was recognized in a previous report that nuclear export of NP and M1 was prevented in cells cultured at 41°C (24) . We observed whether NP and M1 were also not transported from the nucleus into the cytoplasm by treatment with PGA1 (Fig. 5 ). Both NP (Fig. 5A) and M1 (Fig. 5B) were already localized in the nuclei 2 h after infection, irrespective of PGA1 treatment (panels a and b), showing that their import into the nucleus occurred after synthesis. In the absence of PGA1, they began to be exported into the cytoplasm from 4 h on (Fig. 5, panels c) , and the cells were almost evenly stained after 6 h (Fig. 5, panels e, g, and i ). However, in the cells treated with PGA1, both proteins remained in the nuclei until 6 h after infection (Fig. 5 , panels d and f). Although cytoplasmic staining was slightly detected after 8 h, nuclear retention of both proteins was significant even after 8 h (Fig. 5, panels h ). These observations suggest that nuclear export of viral proteins is also blocked by treatment with PGA1. After 12 h, when the expression of HSP70 decreased ( Fig. 3C and D) , both NP and M1 were exported to the cytoplasm and almost no differences were observed between the cells that were untreated and those that were treated with PGA1, corresponding to the increase in virus production shown in Fig. 3 (Fig. 5, panels i and j) . The inhibitory effect of PGA1 on the nuclear export of viral proteins was also seen when expression of HSP70 remained, suggesting that HSP70 is related to the inhibition of nuclear export.
Dissociation of M1 from vRNP by PGA1. As reported previously (24), M1 does not associate with vRNP in infected cells at 41°C and this is one of the reasons that nuclear export of vRNP is inhibited. Therefore, we examined whether M1 was also not associated with vRNP when nuclear export was inhibited by PGA1. MDCK cells treated with PGA1 were infected with the virus and cultured for the intervals shown in Fig. 6 . vRNP was immunoprecipitated from the extract by anti-NP antibody, and the interaction of M1 with vRNP was detected by immunoblotting with anti-influenza virus polyclonal antibody (Fig. 6) . In the cells treated with PGA1, M1 was not coprecipitated with NP after 4 h. M1 was slightly detected 6 h after infection, but the amount was extremely reduced compared with that of the control. It was therefore shown that the association of M1 with vRNP was inhibited by PGA1 as it was with culturing at 41°C. However, an almost similar level of M1 to that in the control was coprecipitated, even with PGA1 treatment, after 8 h. The association of M1 with vRNP seemed to be due to the reduction of HSP70.
Association of HSP70 with vRNP. As described above, the M1-vRNP complex was not formed by PGA1 treatment, even at 37°C. The complex formed when the induction of HSP70 decreased 8 h after the infection, suggesting that HSP70 is closely related to the dissociation of M1 from vRNP. Since HSP70 is a molecular chaperone, one of its characteristics is binding with other proteins. To understand the mechanism by which HSP70 inhibited the association between M1 and vRNP, we considered the possibility that HSP70 is directly bound to some viral proteins included in the M1-vRNP complex. For investigation of this possibility, the interaction of HSP70 with vRNP was first assayed by an immunoprecipitation method, as for Fig. 6 . Infected MDCK cells were cultured at 37 or 41°C for 6 h, and vRNP was immunoprecipitated with anti-NP antibody. The association of HSP70 was detected by immunoblotting with specific antibody. As shown in Fig. 7A , HSP70 clearly coprecipitated with vRNP in the infected cells cultured only at 41°C. In addition, when HSP70 was induced by PGA1 at 37°C, HSP70 coprecipitated with vRNP 4 and 6 h after infection (Fig. 7B) . However, 8 h after infection, HSP70 did not coprecipitate with vRNP, even in the presence of PGA1. As shown in Fig. 6 , M1 failed to associate with vRNP until 6 h after infection in the cells treated with PGA1, but after 8 h, M1 was bound to vRNP even in the presence of PGA1. Therefore, M1 cannot associate with vRNP when HSP70 is associated with vRNP. These results suggest that the association of HSP70 with vRNP is one of the reasons for the inhibition of M1-vRNP complex formation.
The behavior of NS2. NS2 is also reported to be necessary for the nuclear export of vRNP (20, 21) . We examined whether NS2 was influenced by culturing at 41°C or by PGA1. Immunoblotting showed that NS2 was synthesized normally at 41°C or under PGA1 treatment (data not shown). The distribution of NS2 was observed for the cells cultured at 41°C or treated with PGA1 at 37°C by immunofluorescence staining (Fig. 8) . In control cells cultured at 37°C after infection, NS2 was almost evenly distributed in almost all of the cells after 4 h (Fig. 8A) . However, in the cells cultured at 41°C, a peculiar distribution of NS2 was seen; NS2 was concentrated in the nucleolus 4 h after infection (Fig. 8A, arrowheads) . This observation indicated that the nuclear export of NS2 was also disturbed at 41°C.
However, when the infected cells were cultured with PGA1 at 37°C, the distribution of NS2 was similar to that for the control without PGA1; almost all of the cells were evenly stained irrespective of the presence of the drug (Fig. 8B ). This result suggested that HSP70 did not affect the nuclear export of NS2.
DISCUSSION
As reported previously, influenza virus production was suppressed at 41°C, although virus-specific proteins were expressed. The suppression at 41°C was due to the dissociation of M1 from vRNP, which disturbed the nuclear export of vRNP (24) . During our investigations, a certain protein or proteins synthesized only at 41°C were suggested to interfere with the association of M1 with vRNP. This report shows that HSP70 is a likely candidate for such obstruction against the formation of the M1-vRNP complex. There have been no reports investigating the relationship of HSPs to the nuclear export of influenza virus vRNP, although a few studies have reported that HSPs have a suppressive effect on influenza virus infection (6, 23) .
The induction of HSP70 by PGA1 at 37°C inhibited virus production. The effect by PGA1 appears to be identical to that by culturing at 41°C. In fact, M1 did not interact with vRNP and the nuclear export of viral proteins was disturbed by treatment with PGA1. These results strongly suggest that the induction of HSP70 is associated with the dissociation of M1 from vRNP. Moreover, it was clarified that HSP70 was bound to vRNP (Fig. 7) . This result indicates that HSP70 is directly related to interference of the association of M1 with vRNP. The induction of HSP70 by PGA1 was temporary. The expression of HSP70 gradually decreased after 8 h despite the presence of the drug. Corresponding to the reduction of HSP70, HSP70 separated from vRNP ( Fig. 7) and all events involved in viral infection were recuperated; the association of M1 with vRNP was restored (Fig. 6) , the viral proteins began to be exported into the cytoplasm, and then virus production was detected in the medium. The recovery of virus production with the reduction of HSP70 supports the close relationship of HSP70 with the inhibition of virus production. These results indicate that the binding of HSP70 to vRNP is the reason for the dissociation of M1 from vRNP.
To obtain more direct proof that HSP70 inhibits nuclear export of vRNP, we carried out small interfering RNA (siRNA) targeting of HSP70. MDCK cells were transfected beforehand with siRNA for HSP70 at 41°C and infected with the virus, and then we observed whether nuclear export was recovered. The result was that nuclear export of NP occurred even at 41°C by siRNA targeting of HSP70 (data not shown). However, in this experiment, the expression of HSP70 also faded in the control cells without siRNA during the advance treatment with siRNA and the culturing after infection at 41°C; the expression of HSP70 was temporary in the culture at 41°C. We were not able to determine whether siRNA targeting caused the restoration of nuclear export. We also tried microinjection of a specific antibody against HSP70 and the transfection of a plasmid encoding HSP70. However, both experiments did not show clear results. At present, it is impossible to set up suitable experimental systems to directly confirm the involvement of HSP70 in the inhibition of nuclear export. The possibility still remains that other proteins, besides HSP70, are involved in blocking nuclear export of vRNP.
The induction of HSP70 by prostaglandins was reported to inhibit the production of influenza virus (6, 23) . However, these studies reported that the synthesis of viral proteins was mainly suppressed. Conti et al. (6) showed that the induction of HSP70 by PGA1 blocks the synthesis of virus-specific proteins and the transport of hemagglutinin into the cell membrane. Their data seem to differ from ours. Although the exact reasons are not known at present, different experimental systems, especially host cells, may be responsible. As reported previously (12, 13) , virus production obviously relies on factors in host cells. We also observed that virus production did not occur when LLC-MK2 cells, which were used as host cells by Conti et al., were infected with A/Aichi/2/68/H3N2, which was used in our experimental system (data not shown).
NS2 is another factor required for nuclear export of vRNP (20, 21) . In a recent model (21), NS2 was described to interact with M1 and work as an adaptor between the M1-vRNP complex and CRM1, the cellular machinery for the nuclear export system. As shown in Fig. 8B , NS2 was normally exported from the nucleus into the cytoplasm despite the induction of HSP70 by PGA1. On the other hand, M1 was not exported from the nucleus in the presence of PGA1, by which M1 did not interact with vRNP ( Fig. 5B and 6 ). If M1 were simply bound to NS2, M1 could be transported together with NS2 into the cytoplasm irrespective of whether M1 forms a complex with vRNP or not. These results suggest that NS2 does not associate with M1 unless the M1-vRNP complex is formed and that the association of M1 with vRNP is an essential event for nuclear export of vRNP. In contrast, NS2 was uniquely localized in the nucleolus at 41°C (Fig. 8A ). Concerning this, M1 was also distributed in the nucleolus at 41°C, but not at 37°C (24) . As with M1 and NS2, HSP70 induced by PGA at 37°C did not enter the nucleolus (Fig. 2C) , whereas at 41°C, it was found in the nucleolus (Fig. 1B) . The distribution of these proteins in the nucleolus seems to be due to some influence of the high culture temperature, but not to the expression of HSP70 itself. Further investigations are in progress.
